Cobalt oxide nanocubes incorporated reduced graphene oxide prepared by hydrothermal method and used for the electrocatalytic oxidation of methanol. 
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Introduction
The constantly increasing energy demand due to the depletion of conventional fossil fuel reserves and the rapid growth of environmental issues have led to search for alternative power sources. 1, 2 These include direct methanol fuel cells (DMFCs) as alternative green, environmentally friendly, and sustainable power sources that can directly convert the chemical energy of methanol into electrical energy. 3, 4 A polycrystalline Pt electrode is the most commonly used electrode material in DMFCs. However, its high cost, rarity, low power density, and poor CO-poisoning tolerance significantly hinder their commercialization and practical application. 5, 6 In order to reach a high power density and low production cost for DMFCs, well-designed and fabricated high-performance electrocatalysts with controlled compositions and morphologies have been emerged as a key point for realizing high device performance. 5, 6 In this area, carbon-based nanomaterials, including activated carbon, carbon nanotubes (SWCNT, DWCNT, MWCNT), GO, and rGO have enormous potential to boost the performance of DMFCs. 3, 7, 8 Among these, graphene plays a crucial role in the fabrication of advanced composite/hybrid electrocatalysts for high performance DMFCs because of its unique physicochemical properties, including a high specific surface area, superior electronic conductivity, and excellent stability. 8- 13 Several attempts have been made to apply metal and metal oxide nanomaterials incorporated graphene modified electrodes in DMFC applications to attain a high power density. 14, 15 Metal oxide incorporated graphene composite gained tremendous attention because of their low-cost, facile synthesis, high electrocatalytic activity, and durability in DMFC applications. 4, 8, 11, 14, 15 Currently, cobalt oxide (Co 3 O 4 ) nanomaterials are more attractive due to their simple preparation method, diverse morphology, high catalytic activity, and applicability in electrocatalysis. 16 
Synthesis of rGO-Co 3 O 4 nanocubes
In the typical process for the preparation of rGO-Co 3 O 4 nanocubes, the graphene oxide (GO) was prepared by using a simplified Hummer's method. 19 
Characterization techniques
The size and shape of the rGO-Co 3 O 4 nanocubes were studied using a JEOL JEM-2100F high-resolution transmission electron microscope. The surface morphology and elemental composition were examined using a JEOL JSM-7600F field emission scanning electron microscope. Raman spectra were acquired from a Renishaw inVia 2000 system with a green laser emitting at 532 nm. The crystalline nature and phase identification of the rGO- 
X-Ray diffraction analysis of rGO-Co 3 O 4 nanocubes
The crystalline natures of the prepared GO, rGO, Co 3 O 4 nanocubes, and rGO-Co 3 O 4 nanocubes were studied by recording the XRD patterns, and their results are shown in Fig.   S1 †. The GO ( Fig. S1 (a) †) shows a strong and sharp diffraction peak at the 2θ value of 10° due to the (001) plane. 20 After the hydrothermal process for GO, an intense sharp peak disappears at the 2θ value of 10°, and two new broad peaks appear at the 2θ values of 26.8° and 42.7°, which can be attributed to the (002) and (100) planes for rGO, respectively ( (311), (222), (400), (422), (511), and (440) 
Raman studies of rGO-Co 3 O 4 nanocubes
Raman analysis is more suitable tool and most commonly employed to differentiate the graphene (graphene oxide and reduced graphene oxide) from the very thin graphite sheets.
It is known from the previous reports [23] [24] [25] [26] , the graphite sheets has in-phase vibration of the highly ordered graphite lattice (G band) at 1575 cm -1 and a very weak D band at 1355 cm -1 due to the disorder graphite edges. In contrast, the graphene oxide and reduced graphene oxide has well defined D and G band at 1355 and 1595 cm -1 in comparison with graphite [23] [24] [25] [26] .
The Raman spectra of the GO, rGO, Co 3 O 4 nanocubes, and rGO-Co 3 O 4 nanocubes were recorded and are shown in Fig. 4 . The Raman spectrum for GO shows D and G band peaks at 1355 and 1595 cm -1 due to the sp 3 defects and in-plane vibrations of sp 2 carbon atoms, respectively. 27, 28 A small bump in Fig. 4 (a,b) was observed related to the band 2D for GO (2680 cm -1 ) and rGO (2694 cm -1 ) respectively. This shows the multilayer GO and rGO, also a shift to higher wavelengths in the 2D band of rGO was observed after reduction from GO which indicates the restacking of graphene sheets due to the removal of functional group from GO which may prevent restacking of GO sheets after it was reduced. 28 It was observed that 2D band of rGO in Fig 
Electrocatalytic oxidation of methanol at rGO-Co 3 O 4 nanocubes modified electrode
The schematic representation of methanol oxidation at the Pt/rGO-Co 3 O 4 modified electrode is shown in Fig. 7 . During the electrooxidation of methanol, the anodic oxidation , and its results is shown in Fig. 8(d) . For comparison purposes, cyclic voltammograms were also recorded for polycrystalline Pt, rGO and Co 3 O 4 nanocubes modified electrodes under the same conditions ( Fig. 8(a-c) ). Interestingly the rGO-Co 3 O 4 nanocubes modified electrode showed a higher electrocatalytic oxidation current density during forward (358 µA/cm 2 ) and backward (196 µA/cm 2 ) scans compared to the other modified electrodes (poly crystalline Pt, rGO, and Co 3 O 4 nanocubes). The peak currents observed during the forward and reverse scans were due to the methanol oxidation and removal of the residual carbonaceous species formed in the forward scan, respectively. 43, 44 The higher electrocatalytic activity of the rGOCo 3 O 4 nanocubes modified electrode was mainly due to the combination of the cubic Co 3 O 4 structure and highly conductive reduced graphene oxide ( Fig. 2 and 4 ) and this catalytic activity is good in agreement with the FESEM and Raman results ( Fig. 2 and 4) . The nanocubes with different GO contents are summarized in Fig. S4 (B) †. The decrease in the current density with increasing GO content, which was due to the decrease in the anodic peak current that resulted from the restacking of the graphene nanosheets, substantially decreased the active catalytic sites on the electrocatalysts.
45,46
Influence of scan rate and methanol concentration on electrocatalytic activity of rGO-
Co 3 O 4 nanocubes modified electrode
The effect of the scan rate on the electrocatalytic oxidation of methanol was The electrocatalytic stability of the Pt/rGO-Co 3 O 4 modified electrode was studied using chronoamperometry. Fig. 10(B) showed the chronoamperometric curve of 1 mM and CHO ads etc., 47, 48 . Then, the current was gradually decayed and achieved the pseudo- 
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